To determine benefits of conservative versus surgical treatment in patients with necrotizing pancreatitis.
Summary Background Data
Infection of pancreatic necrosis is the most important risk factor contributing to death in severe acute pancreatitis, and it is generally accepted that infected pancreatic necrosis should be managed surgically. In contrast, the management of sterile pancreatic necrosis accompanied by organ failure is controversial. Recent clinical experience has provided evidence that conservative management of sterile pancreatic necrosis including early antibiotic administration seems promising.
Methods
A prospective single-center trial evaluated the role of nonsurgical management including early antibiotic treatment in patients with necrotizing pancreatitis. Pancreatic infection, if confirmed by fine-needle aspiration, was considered an indication for surgery, whereas patients without signs of pancreatic infection were treated without surgery.
Results
Between January 1994 and June 1999, 204 consecutive patients with acute pancreatitis were recruited. Eighty-six (42%) had necrotizing disease, of whom 57 (66%) had sterile and 29 (34%) infected necrosis. Patients with infected necrosis had more organ failures and a greater extent of necrosis compared with those with sterile necrosis. When early antibiotic treatment was used in all patients with necrotizing pancreatitis (imipenem/cilastatin), the characteristics of pancreatic infection changed to predominantly gram-positive and fungal infections. Fine-needle aspiration showed a sensitivity of 96% for detecting pancreatic infection. The death rate was 1.8% (1/56) in patients with sterile necrosis managed without surgery versus 24% (7/29) in patients with infected necrosis ( P Ͻ.01). Two patients whose infected necrosis could not be diagnosed in a timely fashion died while receiving nonsurgical treatment. Thus, an intent-to-treat analysis (nonsurgical vs. surgical treatment) revealed a death rate of 5% (3/58) with conservative management versus 21% (6/28) with surgery.
Conclusions
These results support nonsurgical management, including early antibiotic treatment, in patients with sterile pancreatic necrosis. Patients with infected necrosis still represent a highrisk group in severe acute pancreatitis, and for them surgical treatment seems preferable.
Necrotizing pancreatitis (NP) represents the severe form of human acute pancreatitis. 1, 2 The past decade has seen a considerable increase in our understanding and management of NP. The natural course of severe acute pancreatitis progresses in two phases. The first 14 days are characterized by the systemic inflammatory response syndrome resulting from the release of inflammatory mediators. 3, 4 In patients with NP, organ failure is common and often occurs in the absence of infection. 5 In addition to organ dysfunction, general derangements include hypovolemia, a hyperdynamic circulatory regulation, 6 fluid loss from the intravascular space, and increased capillary permeability. 7 The second phase, beginning approximately 2 weeks after the onset of the disease, is dominated by sepsis-related complications resulting from infection of pancreatic necrosis. 8, 9 This is associated with multiple systemic complications, such as pulmonary, renal, and cardiovascular failure. In the natural course of the disease, infection of pancreatic necrosis occurs in 40% to 70% of patients, and it has become the most important risk factor of death from NP. 10 -12 Of patients who die of acute pancreatitis, more than two thirds of deaths are due to late septic organ complications. [13] [14] [15] Antibiotic treatment with agents penetrating well into the pancreas 16 has been shown to prevent infection in severe acute pancreatitis and to lower the death rate. [17] [18] [19] [20] [21] [22] Still, the general treatment principles in NP and particularly the role of surgery are controversial issues. During the 1980s, according to our experience, 60% to 70% of patients with NP were treated surgically. 23 In 1991, Bradley and Allen 24 introduced the concept of nonsurgical management of sterile necrosis, applying early antibiotic treatment. In 11 consecutive patients managed accordingly, there were no deaths. In the same study, 27 patients with infected necrosis were treated surgically using open packing, yielding a death rate of 15%.
The promising concept of using infection as the main parameter of surgical decision making has so far not been adopted generally. 25, 26 Therefore, in a prospective singlecenter trial, we evaluated the role of nonsurgical treatment in patients with sterile necrosis and surgical treatment in patients with infected necrosis. In addition, we studied the effect of early antibiotic treatment on the further course of NP and its influence on the evolution and microbiologic characteristics of the pancreatic infection.
PATIENTS AND METHODS
Between January 1994 and June 1999, 204 consecutive patients with acute pancreatitis were recruited prospectively from the Department of Visceral and Transplantation Surgery at the University of Bern. Inclusion criteria were an elevation of serum amylase to more than three times the upper normal limit and a typical clinical picture, 27 including abdominal pain. 28 Patient stratification according to disease severity was performed as previously published. 29 NP was defined as the appearance of pancreatic or extrapancreatic necrosis 30 on contrast-enhanced computed tomography (CT) and a serum C-reactive protein value of more than 150 mg/L. CT was performed within 48 to 96 hours of admission and was repeated weekly in patients whose clinical condition did not improve. On admission all patients were treated medically according to generally accepted principles consisting of withholding oral intake, providing pain relief, and restoring fluid and electrolyte losses intravenously. If vomiting had been a prominent part of the clinical picture, a nasogastric tube was inserted. A proton pump inhibitor was given to prevent stress ulcers, and low-molecularweight heparin (3,000 U/day) was given to prevent thrombosis. Pain treatment included the use of peridural anesthesia (n ϭ 99) or intravenous narcotic analgesics. Clinical severity staging of acute pancreatitis was carried out using the Ranson prognostic signs and the APACHE II scoring system. Initially, patients were cared for in an intermediate care unit or, in case of organ failure, in the intensive care unit. In patients with NP, antibiotic treatment was given less than 24 hours after CT findings of necrosis. We used imipenem/cilastatin (3 ϫ 500 mg/day, intravenously) for 14 days according to the study protocol.
Endoscopic retrograde cholangiography was performed in cases of biliary etiology, as proven by transcutaneous ultrasonography and laboratory findings of cholestasis such as elevated levels of serum aspartate aminotransferase, alkaline phosphatase, or bilirubin. Papillotomy was performed if stones or sludge were present in the common bile duct.
In patients with NP, CT-guided fine-needle aspiration (FNA) with consecutive Gram stain and bacteriologic culture was carried out if infection of necrosis was clinically suspected. The indication for FNA was defined during the course of NP in the following instances:
• Newly developed signs of metabolic disorders and deterioration of organ failures of lung, kidney, or the cardiocirculatory system (for the definition of organ failure, see Table 1) • Newly developed increase in blood leukocytes or fever (Ͼ38.5°C) after initial response to conservative treatment.
Infection of pancreatic necrosis as proven by FNA was regarded as an indication for surgical treatment and resulted in surgical intervention (necrosectomy and continuous postoperative lavage of the necrotic cavities) within 24 hours. During surgery, at least two smears for bacteriologic culture were taken from the pancreatic necrosis and from the adjacent necrotic cavities in the retroperitoneum. Postoperative antibiotic treatment, including antimycotic treatment, was adapted according to the bacteriologic findings and microbiologic testing of resistance.
A complete follow-up was carried out (mean follow-up time 35 months) after hospital discharge to determine late consequences of edematous pancreatitis and sterile and infected pancreatic necrosis.
Data were analyzed using the Mann-Whitney or chisquare test where appropriate. P Ͻ .05 was considered significant. Table 2 . There were 204 patients in the study, 125 (61%) men and 79 (39%) women. Mean age was 55.1 years (range 17-96). The cause was biliary in 92 (45%) patients, alcohol overindulgence in 68 (33%), and other or undefined in 44 (22%). According to CT and C-reactive protein findings, there were 118 (58%) and 86 (42%) patients with edematous pancreatitis and NP, respectively.
RESULTS

Patient characteristics are summarized in
Edematous Pancreatitis
In 118 patients, pancreatic necrosis was ruled out by CT findings and C-reactive protein serum levels. Fifty-six pa-tients stayed for a mean of 2.3 days (range 1-7) in intermediate care. No patient with edematous pancreatitis had multiple organ failure, but in 12 patients (10%) single organ failure was diagnosed (1 renal, 4 pulmonary insufficiency, 3 cardiocirculatory insufficiency, 4 metabolic disorders). Endoscopic retrograde cholangiopancreatography was performed early (in the first 24 -48 hours) in 54 patients with biliary etiology, and papillotomy and stone retrieval were performed in 38 of those patients. In addition, endoscopic retrograde cholangiopancreatography was carried out before hospital discharge in 31 patients with an unknown cause and to exclude tumor-induced acute pancreatitis. Laparoscopic cholecystectomy was done in 35 patients a median of 8.6 days after admission (range [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , and open cholecystectomy was performed in 19 patients a median of 9 days after admission (range 2-19). There were no hospital deaths, and the mean hospital stay was 13 days (range 2-53).
Follow-Up
Hospital readmission occurred in seven patients (6%) after a mean of 8.3 months for the following reasons: recurrent acute pancreatitis (n ϭ 4), duodenal obstruction (n ϭ 1), and pancreatic pseudocyst (n ϭ 1).
Necrotizing Pancreatitis
Eighty-six patients were staged as having NP based on CT findings and C-reactive protein levels. The mean Ranson score was 3.9 (range 0 -8) and APACHE II scoring was 12.6 (range 5-28) (P Ͻ .01 vs. edematous pancreatitis) (see Table 2 ). Endoscopic retrograde cholangiography was carried out in 58 patients, and papillotomy and stone removal were performed in 20 of those patients. Again, endoscopy was performed in the first 24 to 48 hours in 38 patients with biliary etiology and later in 20 patients with a cause other than gallstones. Single and multiple organ failure occurred in 32 and 30 patients, respectively (P Ͻ .00001 vs. edematous pancreatitis) ( Table 3 ).
Sterile Necrosis
Data on gender, age, cause, C-reactive protein levels, Ranson score, APACHE II score, length of hospital stay, and hospital death rate are given in Table 4 . The severity, based on the Ranson and APACHE II scores in the first week of the disease, was similar between sterile and infected necrosis. However, necrosis was considerably more extended in patients with infected necrosis ( Table 5 ).
In the group with sterile necrosis, 56/57 patients were managed conservatively. In a woman with chronic lymphatic leukemia and sterile necrosis and early multiple organ failure (renal, pulmonary, cardiocirculatory, and metabolic), the study protocol was violated despite a negative FNA because of severe, rapid deterioration while receiving intensive care treatment. Surgical necrosectomy was carried out on day 11 after onset of symptoms. Intraoperative cultures were negative. After surgery, renal function and respiratory parameters improved. On day 18 an infection with methicillin-resistant Staphylococcus aureus and Candida albicans occurred, and the patient died on day 25 of septic multiple organ failure. Of the 56 patients managed conservatively, one patient with severe chronic alcohol disease died on day 13 of severe respiratory distress syndrome, not responding to resuscitation. Autopsy revealed massive necrosis retroperitoneally and severe diffuse lung injury. The death rate in patients with sterile necrosis managed without surgery was therefore 1.8% (1/56).
Fifteen patients (15/57; 26%) fulfilled the criteria for FNA. In these patients, 18 FNAs were performed, showing negative Gram stain as well as negative culture results ( Table 6 ). The first FNA in these patients was performed on day 12 (range 4 -22) after onset of symptoms. 
Follow-Up
During the study period, 11 patients (19%) were readmitted to the hospital after a mean of 6.9 months for various pancreatitis-related complications such as recurrent pancreatitis (n ϭ 4), pancreatic pseudocyst (n ϭ 4), duodenal obstruction (n ϭ 2), and splenic vein thrombosis (n ϭ 1). One patient initially classified as and treated for sterile necrosis was now found to suffer from infected necrosis. This patient was readmitted after being at home for 14 days and subsequently underwent necrosectomy and postoperative lavage of the retroperitoneal cavity. The patient recovered after the second hospital admission. In four patients a pseudocyst was treated with a cystojejunostomy after a mean of 4.25 months (range 2-6). In none of them was the pseudocyst infected.
Infected Necrosis
FNA Results
In 27 patients with NP, preoperative CT-guided FNA revealed infected pancreatic necrosis. The first FNA was performed a mean of 17 days (range 3-48) after onset of symptoms. In one patient with infected necrosis, contrastenhanced CT demonstrated air in the necrotic areas, indicating infection. This patient underwent surgery without a prior FNA. In another patient who subsequently died, FNA was negative despite pancreatic infection, and the patient was managed conservatively. In 26 patients both preoperative FNA and intraoperative culture results were available.
Of eight monocultures diagnosed in the preoperative FNA, seven were confirmed by intraoperative cultures. In the eighth, intraoperative culture results showed a polymicrobial infection. The result of 18 polymicrobial infections found by FNA was confirmed in 17 by intraoperative cultures. In the remaining one, intraoperative culture revealed gram-negative infection only. Thus, 92% (24/26) of the FNA findings were correct with regard to the microbiologic differentiation. Overall, 27 of 28 patients (96%) were correctly diagnosed as having infected necrosis.
Surgical Treatment
A total of 27 patients with infected necrosis underwent necrosectomy and subsequent continuous lavage of the necrotic cavity by means of double-lumen drainage tubes. 23 Treatment parameters of these patients are outlined in Table  7 and bacteriologic results are summarized in Table 8 . There were 18 patients with polymicrobial and 10 patients with monomicrobial infection. Different fungus species were found in eight patients (29%), or 17% of all positive cultures. In one patient with rapidly progressing multiple organ Treatment of Necrotizing Pancreatitis failure, infection was proven by FNA on day 15, but the patient died that same day before surgery was performed. Another patient who had three FNAs with negative results responded to intensive care unit treatment and conservative management. Back on a regular ward, he suddenly was found dead in his bed. Autopsy revealed multiple septic pulmonary emboli and infected pancreatic necrosis. Thus, only 27 of 29 patients with infected pancreatic necrosis underwent surgery. The death rate in patients with infected necrosis was 24% (7/29). Causes of death were nonresponding multiple organ failure (n ϭ 4), myocardial infarction/insufficiency (n ϭ 2), and multiple septic pulmonary emboli (n ϭ 1).
Follow-Up
During the study period, seven patients (32%) were readmitted to the hospital after a mean of 4 months (range 1.5-6) for various pancreatitis-related complications: persistent pancreatic fistula (n ϭ 3), recurrent pancreatitis (n ϭ 1), pancreatic pseudocyst (n ϭ 1), pancreatic abscess (n ϭ 1), and chronic pain (n ϭ 1). The patient with the abscess was successfully treated by a percutaneous drainage procedure. Two of the patients readmitted because of a fistula were managed conservatively; one patient was treated surgically. The pancreatic pseudocyst was surgically drained with a cystojejunostomy. All seven patients recovered and were discharged home.
Intent-to-Treat Analysis
Analysis of the patients in an intent-to-treat manner (nonsurgical vs. surgical treatment) showed that 3/58 (5%) died while receiving conservative management (1 patient with sterile necrosis, 2 patients with infected necrosis) and 6/28 (21%) died after surgery (5 with infected necrosis, 1 with sterile necrosis) (P ϭ .05). This intent-to-treat analysis seems necessary because in the patients whose NP was managed without surgery, two died in whom infection of necrosis was not diagnosed in a timely fashion.
DISCUSSION
The concept of conservative treatment of severe acute pancreatitis originates from several sources. First, we learned that an episode of severe acute pancreatitis progresses in two phases. The first 10 to 14 days are characterized by a systemic inflammatory response syndrome maintained by the release of various inflammatory mediators. 3, 4 The production of such mediators in large amounts may lead to distant organ failure, and surgery does not seem to be the appropriate intervention at that stage of the disease. Second, intensive care treatment has improved significantly during the past decade, and patients with severe acute pancreatitis are best managed there. 31 Third, septic complications in the second phase of the disease can be reduced and delayed by using appropriate antibiot-ics. 16, 21, 22, 32 Fourth, one previous study provided evidence that conservative management is feasible in patients with sterile necrosis. 24 Our study demonstrates and confirms that conservative treatment of sterile necrosis using early antibiotics is safe and effective. Of 56 patients with sterile NP managed without surgery, 1 patient died of severe respiratory distress syndrome. Recent prospective controlled trials have demonstrated that the prevalence of pancreatic infection in NP could be lowered significantly to 10% to 43% if antibiotics with proven efficacy in acute pancreatitis were given early. 17, 19, 33 Our trial supports this by showing an infection rate of 34% in NP, which is lower than the prevalence data of up to 70% from the 1980s observed in patients not receiving antibiotic treatment prophylactically. 8, 34, 35 Pancreatic infection is regarded as the main risk factor for death in patients with acute pancreatitis, 9 and preventing this risk factor seems to represent a major step forward in the management of NP. This statement is further supported by the data from several contemporary randomized studies that have been subjected to meta-analysis, showing an improvement in outcome associated with antibiotic treatment. 21, 22, 32 Consequently, a significant body of clinicians use antibiotic prophylaxis in the initial treatment of patients with predicted severe disease. 36 Ruling out infection in NP and thereby preventing surgical measures, which are still standard approaches for infected necrosis, might reduce hospital expenses considerably in the future. Data from other groups argue for surgical treatment in sterile necrosis, particularly in patients with ongoing multiple organ failure or local complications such as an inflammatory enlargement of the pancreas causing obstruction of the gastrointestinal tract or common bile duct. 25, 26 Our trial demonstrates that 33 of 35 patients with sterile necrosis and organ failure responded well to intensive care treatment including mechanical ventilation, catecholamine treatment for cardiocirculatory failure, and hemodialysis for renal failure. However, in our series one patient with early multiple organ failure not responding to intensive care died after surgical necrosectomy for sterile necrosis. It can be presumed that if antibiotic treatment is successful in preventing infection, surgery in NP might not be able to achieve a better goal than conservative treatment. Thus, in the event of rapidly progressing multiple organ failure in sterile necrosis, surgical measures might not overcome this problem, just as conservative treatment does not in the rare cases of so-called "fulminant pancreatitis." 37 In our study, severity staging showed no differences between patients with sterile and infected necrosis. This finding may be explained by the fact that Ranson and APACHE II scores were obtained during the first week of the disease process. The Ranson criteria, by definition, are recorded in the initial 48 hours. The APACHE II score was calculated daily and the maximum score in the first week was taken for statistical analysis. However, infection of peripancreatic or pancreatic necrosis was diagnosed after a mean of 21 days. It seems likely that this is why patients with infected necrosis, despite the initially documented equal severity of disease, stayed considerably longer in the hospital and had more organ failures that occurred after the first week in the hospital. Others have reported similar results, 1 but some have not. 5 The reason for the difference in the prevalence of organ failure, especially in the subgroup of patients with sterile necrosis, might arise from different criteria for classifying patients and defining organ failure. Also, in patients with infected necrosis, contrast-enhanced CT revealed more patients with extended necrosis compared with those with sterile necrosis. It cannot be determined from our trial whether our result (i.e., more extensive necrosis in the patients with infected necrosis) is the cause of the occurrence of infection or whether infection is the cause of the extended necrosis. Several authors consider extended necrosis (i.e., necrosis of Ͼ50% of the pancreas) to be a risk factor for infection. 2, 23, 38, 39 A recent paper demonstrated that in patients with sterile necrosis, the extent of necrosis correlated with the frequency of organ failure, whereas infected necrosis was associated with organ failure irrespective of the extent of necrosis, 1 supporting the concept that infection is the major determinant for the outcome.
The present death rate of 10% in patients with NP closely parallels the one described by Branum et al, 40 who described 50 patients with NP treated with surgery; 12% of them died. Similar to the results of Bradley and Allen, 24 we found a higher death rate in patients with infected necrosis. However, in two patients with infected necrosis who ultimately died, the infection was not diagnosed in time and therefore no surgery was performed. In an intent-to-treat analysis, these deaths were shifted to the patients with sterile necrosis, thereby rendering insignificant the difference in death rate between patients with infected and sterile necrosis.
In this series patients with sterile necrosis were discharged home after a mean of 23.5 days; only three patients stayed longer than 2 months (see Table 4 ). None of these three was readmitted to the hospital for persistent pain or pancreatitis. According to a recent report, 41 it might be possible that return to work in these patients could be hastened by performing surgery at 4 weeks if the patient remains symptomatic.
A second major finding of our trial was that early antibiotic treatment of NP changes the spectrum of bacteria in patients in whom infection develops. Bacterial translocation from the gut has been demonstrated to be the main cause of infection in NP. [42] [43] [44] [45] Therefore, the bacterial spectrum of infection has been described as primarily gram-negative and in part anaerobic. After we administered antibiotics with a dominant efficacy against gram-negative germs and anaerobes (imipenem/cilastatin), the bacteria in more than half of our patients with pancreatic infection were found to be gram-positive. In addition, we found eight patients (29%) infected with fungus. In a series of 57 patients with NP, Grewe et al 46 These patients were treated with a mean of four different antibiotics for a mean of 23 days. Such findings raise the question of the duration of primary antibiotic treatment (14 days in our trial) and of the need to use agents effective against gram-positive bacteria and fungi concomitantly or consecutively. In addition, it is likely that these "secondary" infections do not originate in the gut but rather are hospitalacquired, entering the pancreas by means of hematogenous routes from venous or urinary catheters, tracheal tubes, and so forth. This argument of nosocomial infection is supported by the time when infection occurred in our trial (later than 20 days); in earlier studies, approximately 40% of infections with gram-negative germs occurred within 2 weeks after admission. 8, 17, 19, 47 The question of additional primary or secondary anti-gram-positive and antifungal treatments in NP must be addressed in future clinical trials.
Surgery remains the gold standard in the treatment of infected pancreatic necrosis, 48 and necrosectomy and continuous closed lavage was successful in 67% of our patients with infected necrosis. However, 22% needed a secondary intervention and 11% an additional interventional procedure, and the complication rate was 44%. Fernandez-del Castillo et al 41 recently described 64 patients treated surgically and found a single surgical procedure to be sufficient in 69%. In the present study, infection of necrotic tissue occurred a mean of 21 days after onset of the disease, and surgery was performed during the 24 hours after its diagnosis. More than 3 weeks after the onset of the disease, the demarcation between viable and necrotic tissue is easier to assess than earlier in the disease process. This approach decreases the bleeding risk and minimizes the surgeryrelated loss of vital tissue leading to surgery-induced endocrine and exocrine pancreatic insufficiency. 49 The same policy of delaying surgery until demarcation of pancreatic necrosis is far advanced has been reported by others. 41 Recently, considerable interest has been generated in the nonsurgical management of infected necrosis using truly conservative or interventional measures. Single-center reports in so far small patient groups have demonstrated that even in infected necrosis, some patients recover with nonsurgical management. 50 It is important to differentiate between infected necrosis and pancreatic abscess, a condition that has been shown to respond to interventional treatment. 51 Nevertheless, there might be patients with infected necrosis without multiple organ failure who would respond to nonsurgical measures including antibiotics, and future trials need to define this population. To extend this argument, at least from a theoretical point of view it might be possible that in our group of patients classified as having sterile necrosis, some might have been infected and did not undergo FNA because of a silent clinical course, responding well to conservative management. Indeed, one patient originally classified as having sterile necrosis was readmitted to the hospital with infected necrosis 14 days after the primary discharge.
In summary, the data from our study support the concept of using conservative treatment for sterile NP versus surgery for Vol. 232 • No. 5
Treatment of Necrotizing Pancreatitis infected necrosis, an approach that could improve the clinical success rate in NP in terms of the death rate of the past.
